Summary.-Pre-treatment of hypoxic cells with misonidazole (MISO) can render these cells more sensitive to a subsequent treatment with melphalan. Results in this paper show that this enhancement (or chemopotentiation) depends on the contact time and concentration of MISO, on the melphalan concentration and also on the cultural history of the cells. Damage due to hypoxic pre-incubation in MISO can be repaired if cells are subsequently aerated at 37°C. In contrast, for cells washed free of MISO and then held under N2 at 37°C, repair is much slower. No repair occurs when cells are held in air at 0°C. The kinetics and extent of repair were dependent on the cells prior culture. Thus for exponential cells repair was complete after %4 h, whereas for plateau -phase cells and cells with prior chronic hypoxia, repair was only partially complete after this time. Dithiothreitol was shown to protect partially against the enhancement of melphalan toxicity. Increased cell killing is also obtained if cells are given high concentrations of MISO (50 mM) in air during exposure to melphalan.
Summary.-Pre-treatment of hypoxic cells with misonidazole (MISO) can render these cells more sensitive to a subsequent treatment with melphalan. Results in this paper show that this enhancement (or chemopotentiation) depends on the contact time and concentration of MISO, on the melphalan concentration and also on the cultural history of the cells. Damage due to hypoxic pre-incubation in MISO can be repaired if cells are subsequently aerated at 37°C. In contrast, for cells washed free of MISO and then held under N2 at 37°C, repair is much slower. No repair occurs when cells are held in air at 0°C. The kinetics and extent of repair were dependent on the cells prior culture. Thus for exponential cells repair was complete after %4 h, whereas for plateau -phase cells and cells with prior chronic hypoxia, repair was only partially complete after this time. Dithiothreitol was shown to protect partially against the enhancement of melphalan toxicity. Increased cell killing is also obtained if cells are given high concentrations of MISO (50 mM) in air during exposure to melphalan. MISONIDAZOLE (MISO) is an effective radiosensitizer of hypoxic cells in vitro and in vivo (Asquith et al., 1974; Fowler & Denekamp, 1979) and is currently undergoing randomized, prospective clinical trials. It is also preferentially cytotoxic to hypoxic cells (Hall & Roizin-Towle, 1975; Moore et al., 1976; Stratford & Adams, 1977) .
It is known that MISO enhances antitumour activity of various alkylating agents in vivo (Rose et al., 1980; Clement et al., 1980; Tannock, 1980a,b; Law et al., 1981; Martin et al., 1981; Siemann, 1981; Mulcahy et al., 1981; Stephens et al., 1981; Twentyman, 1981) . Enhancement of the cytotoxic action of melphalan also occurs in vitro (Stratford et al., 1980; Roizin-Towle & Hall, 1981) . Preliminary studies suggested that this in vitro effect operates at least partly through a hypoxia-mediated mechanism.
If enhancement of response in vivo also involves, at least partly, hypoxia-dependent processes, it offers a prospect of obtaining selective enhancement of the response of tumours to cytotoxic drugs. This paper reports an investigation of the hypothesis that hypoxia is necessary in the pre-treatment with MISO in order to increase the sensitivity to subsequent treatment with melphalan in vitro. The investigation also included a study of the influence of the cultural history of the cells, the duration of the hypoxic pretreatment, the concentration of and duration of exposure to MISO on their subsequent sensitivity to various doses of melphalan.
MATERIALS AND METHODS
Cells.-Chinese hamster V79-379A cells were grown in suspension, using methods described previously (Stratford & For cells given a prolonged exposure to hypoxia, cultures were seeded at 5 x 105 ml. Cells in full growth medium were de-aerated in spinner flasks by passing N2 continuously over the stirred suspension for 16 h (Smith et al., 1980) . The pH of the medium was maintained constant at 7-4 by C02/bicarbonate. Experiments showed that incubation in prolonged hypoxia under these conditions did not change the pH of the medium (Rajaratnam et al., 1981) .
Under the suspension-culture conditions, the cells attained plateau phase when their concentration reached 1 8 x 106 ml (Stratford Exposure to 5mM misonidozole (h) Fig. 6a .
is cyto-Whilst there is also substantial enhanceoxic pre-ment, the effect of delay between pre-3 greatly incubation and melphalan treatment is ohalan. much less. Fig. 6b shows results from experiments in which, after pre-incubaent with tion, exponential cells were washed free of MISO (while held at 0°C) and then into the de-aerated and held at 37°C for various n effect, periods before treatment with melphalan. n which Under these conditions significant potennt with tiation is still apparent 5h after exposure hypoxic to MISO. of MISCO (Hall & Biaglow, 1977; Koch et al., 1979; Stratford & Gray, 1978 (Cleland, 1964) and in our experiments does not protect against the cytotoxicity of melphalan alone. This contrasts with the protective effect of several other thiols against the cytotoxicity of alkylating agents (Conners, 1966) . Fig. 7 shows results from 3 separate experiments in which cells were treated with MISO and dithiothreitol fori 3 h in N2 before exposure to melphalani. Clearly the presence of the thiol duritng the pre-incubationi reduces the potentiation of MISO. Data from these experiments were corrected for toxicity due to the individual agents alone (detailed in the legend to Fig 7) .
Potentiation uvithout hypoxic pre-treatment Many control experiments showed that pre-incubation of oxic cells with 5mM MISO did not affect the cytotoxicitv of mnelphalan, illustrating the importance of hypoxia in the pre-incubation effect. However, potentiation without hypoxic pre-treatment can be found if the MISO concentration is greatly increased. Fig. 8 shows the effect of 50mM MISO on the cytotoxicity of melphalan when oxic cells are exposed simultaneously to both drugs for 1 h. 50mM MISO alone is nontoxic in air at 37°C for a lh contact. (Stratford, 1978; Taylor & Rauth, 1980) . This process is dependent on temperature and contact time, as is the recovery from the pre-incubation effect reported here.
These phenomena suggest the involvement of intracellular repair processes and (Varnes et al., 1980) . Furthermore, the regeneration of these thiols requires several hours in air at 37°C (Bump & Brown, personal communication). However, there is evidence that suppression of intracellular SH levels is not the only explanation for potentiation (Brown, 1982 (Smith, 1981) .
There is current interest in the use of combinations of MISO and other nitroheterocyclic compounds with alkylating agents in vivo. The enhancement of tumour response may be a manifestation of the pre-incubation effects seen in vitro, though alternative mechanisms have been suggested (Law et al., 1981; Workman & Twentyman, 1982) . In most instances MISO/cytotoxic-drug combinations show greater effects on tumours than on some normal tissues. Moreover, Spooner et al. (1982) showed that chemopotentiation in the Lewis lung tumour is greater in tumours weighing 200 mg than in those only weighing 2 mg. This suggests that a physiological property of a tumour (hypoxia) is important in the expression of the MISO-induced potentiation. The in vitro evidence reported here strongly supports the proposal that a hypoxiamediated phenomenon is also important in chemo-potentiation of alkylating agent in vivo.
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